Objective. To investigate the efficacy of an eightweek lumbopelvic stabilization program (CO-CUIDATE) for colon cancer survivors.
The experimental group experienced a greater improvement in all values after the program compared with the control group. There were no significant changes in the other pressure pain threshold points, pain severity, interference of pain, or the remaining ultrasound imaging measurements.
Introduction
Although the World Health Organization [1] has designated colon cancer as one of the five cancer types causing significant death, its five-year survival rate when diagnosed at stage I is approximately 56% in Europe [2] , which is similar to that of the general population [3] . Nevertheless, colon cancer and its treatment, which currently includes both surgery and chemotherapy, causes side effects that may decrease patients' quality of life during the survival stage [4] . These side effects following primary cancer treatment include deteriorating health-related fitness (both perceived and objective), cancer-related fatigue [5] , hyperalgesia, and alteration of the abdominal wall muscle architecture compared with matched healthy controls [6] .
These neuromuscular alterations are critical. Colon cancer survivors (CCS) experience high levels of lumbar pain after surgery, and they may also have 56% to 75% greater peripheral and central sensitization processes compared with healthy people [6] . Interest in colon cancer pain management has been growing; among cancer support interventions, physical exercise has been indicated as one of the most effective approaches [7] . Physical activity programs are effective for reducing perceived shoulder and neck pain, active muscle trigger points [8, 9] , and pressure pain thresholds levels [9] in breast cancer survivors. Nevertheless, at present, among the sparse research available about interventions for pain in CCS, we found few effective pain education programs [10] , and physical exercise has received little attention.
Fear of pain has been identified as an obstacle to continuing physical exercise among cancer patients [11] and could partially explain the muscular deconditioning of the internal oblique identified in CCS patients [6] . These alterations to deep abdominal muscles that have a postural function could weaken and decrease motor control of the lumbopelvic area, causing pain and decreasing the capacity to perform daily activities in CCS patients. Therefore, there is a need to provide optimal long-term side effect management and improve knowledge regarding potential interventions [12] adapted to cancer patients' needs [7, 13] in the health care profession [11] using a supervised approach [14] .
CO-CUIDATE is a lumbopelvic exercise program involving exercising three times per week for 90 minutes over the course of eight weeks, and it offers important improvements in health-related fitness and waist circumference for CCS patients [15] . Two physiotherapists with more than seven years of experience in cancer exercise programs led this program, which was adapted to provide a slower progression and more supportive care when colon cancer patients felt discomfort. In this report, we analyze our secondary end points: pain and muscle architecture. Our hypothesis is that CO-CUIDATE will have positive effects on pain and the abdominal muscle structure in CCS patients.
Methods

Setting
The CO-CUIDATE trial methods were previously reported [15] . This study was a randomized controlled trial conducted at the Sports Activities Centre (CAD) of University of Granada (Spain). The study was conducted from September 2012 to December 2014. The Research Ethics Committee (Granada, Spain; CEI2013-MP-18) approved this trial, and it was performed in accordance with the Helsinki Declaration (last modification in 2000) and the Biomedical Research Guidelines (14/ 2007 ). This trial is registered with ClinicalTrials.gov (NCT02052050).
Subjects
The initial screenings were performed by two oncology surgeons from the Department of Surgery at the University Hospital San Cecilio, Granada (Spain), who encouraged patients to participate in the study [16] . Eligible patients were older than 18 years, had been diagnosed with colorectal cancer (grades I-IIIa), and had finished their cancer treatment (surgery, chemotherapy, and/or radiotherapy). Exclusion criteria were cancer recurrence, a history of prior abdominal surgeries or the diagnosis of concomitant conditions, such as previous lower back pain or musculoskeletal conditions (e.g., osteoarthritis, fibromyalgia, or chronic fatigue syndrome). Patients interested in participating in our study were invited to attend a face-to-face assessment in which the inclusion criteria were confirmed and the outcomes evaluation was performed. All the participants provided written informed consent.
Randomization and Masking
Randomization of participants was achieved using a computer with two randomized number cycles. The resulting sequence was placed in numbered, opaque, sealed envelopes by an external researcher who did not participate in the study. Once the participants were evaluated, the envelopes were opened to formulate the two groups (CO-CUIDATE and control) (Figure 1 ). The assessments were performed in a blinded fashion at three time points (before and after the CO-CUIDATE program and at a six-month follow-up) by a trained researcher who was blinded to patient group.
Intervention
The CO-CUIDATE intervention has been described in a previous report [15] . In brief, the usual care group followed the routine treatment recommendations of their oncologist. Once the study finished, they were invited to participate in the other physical activity programs designed for the CUIDATE group, but they were not included in the final analysis. The Minnesota Leisure-Time Physical Activity Questionnaire was used to examine the participants' physical activity during the six-month follow-up. Two physical therapy experts with previous experience in oncology rehabilitation conducted the CO-CUIDATE program. The physical exercise program progressed over eight weeks with a total of 24 sessions (three per week on nonconsecutive days) that included lumbopelvic stabilization, aerobic and stretching exercises, as follows:
Lumbopelvic Stabilization Exercises
These seven exercises gradually increased in intensity, volume, and motor control demand for the lumbopelvic muscles. The exercises progressed from one set of eight to 10 repetitions to three sets of eight repetitions by the end of the program [15] . All the exercises were performed with a focus on breathing and body control (mind-body concentration). The patients were instructed to rate their fatigue during the exercises (Borg scale 6 to 20).
Aerobic Exercises
These exercises were performed at the beginning of each session and progressed from 10 to 25 minutes. They consisted of brisk walking or running according to each patient's ability. Cantarero-Villanueva et al.
Stretching Exercises
Specific and general stretching exercises were performed at the end of each session for 10 minutes and progressed individually as long as the patient experienced no pain.
End Points
The researcher performing the assessments was trained with multiple observations in the physiotherapy laboratory of the Faculty of Health Sciences at the University of Granada (Spain). We analyzed the main end points related to physical and anthropometric measurements from the previous report [15] . We evaluated pain and muscle architecture as end points.
Pain Measurement
Pressure Pain Threshold. An electronic algometer (Somedic AB, Farsta, Sweden) was used to assess the pressure pain threshold (PPT) with a probe of 1 cm 2 and an approximate rate of 30 kPa/s. Seven points were evaluated (four points in the abdominal wall area, two points in the lower back area, and one in the second metacarpal) following a previously published protocol [6] . Three evaluations were performed at each point with 30 seconds of resting, and the average (KPa) was recorded for analysis. The patients were instructed to signal the first change from pressure to pain. The pressure algometry showed a 0.91 intraclass correlation coefficient (ICC) [17] .
Brief Pain Inventory. This 10-item questionnaire has been previously used with CCS patients [6] to determine the severity of pain and its interference with different life activities. Scores are obtained on a scale of 0 to 10, where 0 is "no pain" and 10 "the worst pain that you can imagine" over the past week. The analgesic and muscle relaxant intake for the two previous days was recorded. This approach has good to excellent validity and reliability for detecting chronic pain [18] .
Muscle Architecture Measurement Using Ultrasound Imaging
Images were obtained using an ultrasound device (MyLab 25, Esaote Medical Systems, Genova, Italy) with a 12 MHz linear probe and a depth of 5 cm. The thicknesses of the external and internal oblique and transversus abdominal muscles and the lumbar multifidus and the width of the lumbar multifidus were assessed (in cm) according to a previously described methodology ( Figure 2 ) [6] . The patients were instructed to breathe deeply, and images were captured at the end of expiration. Ultrasound imaging has been recognized as reliable for evaluating the muscle thickness of the external (ICC > 0.80) and internal oblique (ICC > 0.65) in the supine position [19] and for assessing the cross-sectional area of the lumbar multifidus (ICC ¼ 0.88) and the thickness of the transversus abdominis (ICC ¼ 0.85) [20] .
Statistical Analysis
We used the Statistical Program for Social Sciences (IBM SPSS version 22.0) to conduct the statistical analysis with a 5% level of significance. We checked for the normal distribution of variables using the Shapiro-Wilk test and used Student's t and chi-square tests to examine differences in the baseline outcome variables between groups. The main analysis was repeated measures analyses of the covariance (ANCOVA) with the outcome variables (PPT, visual analog score, and ultrasound) as the dependent variables; the groups (CO-CUIDATE and control groups) as the between-subject variables; time (pre-and postphysical exercise program) as the within-subject variable; and age, alcohol, tobacco, and the baseline level of the variables as covariates. If significant differences in the baseline values (internal oblique measurements) between groups were found, we included these values as covariables. For pairwise comparisons (post hoc), Bonferroni's adjustments were used. Intergroup effect sizes were calculated (d, Cohen) to provide information about the magnitude of change. We used the intention-to-treat principle for all analyses, and the worst-case value was assigned for missing data [15] .
Results
The participant flow (Figure 1 ) has been reported elsewhere [15] . In summary, 46 CCS patients who fulfilled the inclusion criteria were randomized to the (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Postoperative ventral hernia was observed in two CO-CUIDATE participants and in one usual care group participant. When patients suffered any discomfort or difficulty performing the program, support and progression adaptations were made to maintain the established objectives.
Effects of the CO-CUIDATE Program on Pain
The ANCOVA analysis showed significant differences in the group x time interaction for the lumbar side (dominant: F ¼ 10.3, P < 0.001; nondominant: F ¼ 4.3, P ¼ 0.01) and the infraumbilical dominant side (F ¼ 3.2 P ¼ 0.04). The experimental group had a greater increase in the PPT values after the CO-CUIDATE program than the control group ( The analysis of the Brief Pain Inventory (BPI) outcomes revealed no significant differences in the group x interaction time for severity (F ¼ 1.17, P ¼ 0.13) and interference (F ¼ 0.13, P ¼ 0.34) (Figure 3) .
Effects of the CO-CUIDATE Program on Ultrasound Imaging Results
The ANCOVA analysis revealed a significant difference in the group x interaction time (F ¼ 4.25, P ¼ 0.02) for the thickness of the internal oblique after the program; the CO-CUIDATE group had a greater increase than the control group did ( Table 4 
Discussion
To the best of our knowledge, CO-CUIDATE is the first trial to date that examines the effects of lumbopelvic exercise on neuromuscular alterations in CCS patients. This physical exercise program based on stabilization exercises was effective for decreasing lumbar and infraumbilical pain and improving the depth of the internal oblique muscle. These results confirm our hypothesis that the CO-CUIDATE program has positive effects on the musculoskeletal structure of CCS patients.
The main finding of this study was the increased PPT values at the end of the CO-CUIDATE program and after the six-month follow-up for three of the points associated with hypersensitivity in CCS patients [6] : the dominant and nondominant side lumbar and the dominant side infraumbilical points. These values were similar to those of the healthy population after the program [6] , and the analysis revealed higher values for all the evaluated points, although the results did not achieve significance. CCS patients have both central and peripheral sensitization [6] . Nevertheless, few studies have aimed to improve pain in these patients, and no previous trials have reported pain improvements during a stabilization program for CCS patients. In a previous publication [15] , we reported improved deep abdominal muscle strength; this could support the findings of the present study as these muscles are responsible for motor control in the lumbopelvic area [21] . This improvement in motor control could have a positive impact on pain [21] . However, the current research is insufficient to explain the relationship between improvements in the muscle architecture and pain. Additionally, in a study of chronic lumbar pain, patients who underwent the physical exercise program showed alterations in their deep abdominal muscle contraction thickness, which explained only 18% of the pain variation [22] . In contrast, previous randomized studies reported that different physical exercise programs resulted in pain improvement for cancer survivors when different dimensions of pain were evaluated both objectively and subjectively [8, 9, [23] [24] [25] [26] . However, in this report, while the pain intensity and pain-related interference perception results improved, only the Values are expressed as mean 6 standard deviation for pre-and postintervention and six-month follow-up data and as mean differences (95% confidence interval for the difference) for within-and between-group change scores. *Significant group x time interaction (repeated analysis of covariance [ANCOVA] test, P < 0.05). **Significant group x time interaction (repeated ANCOVA test, P < 0.001.).
Figure 3 A) Brief Pain Inventory (BPI) outcomes (severity). B) BPI outcomes (interference).
Musculoskeletal Status in Cancer After Exercise objective pain intensity results improved significantly. This difference could be explained because unlike other programs, the CO-CUIDATE program was designed to improve health-related fitness and not pain. It is possible that neurophysiological changes could take place along with structural and functional muscle changes, but pain perception, which is influenced by different factors [27] , could require more specific interventions. In addition, the mechanism by which these changes occurred was never investigated. Because of this, additional studies are needed to improve our understanding of how physical activity programs influence pain in cancer survivors.
The analysis revealed a greater gain in the depth of the internal oblique muscle after the program for the CO-CUIDATE group. In a previous study, we showed that the internal oblique is the abdominal muscle that is most affected by CCS [6] ; therefore, this stabilization program is adequate for improving weakness in the deep abdominal muscles of CCS patients. Recently, acute improvement in the thickness of the deep abdominal muscles was observed with both Pilates and resistance exercises [28] ; additionally, this muscle improved after eight weeks of both specific and general physical exercise programs [22] . Nevertheless, it is known that more specific exercise programs for isolating the contraction of the transversus abdominis promote the contraction of this muscle and result in a reduction of the contraction of the internal oblique that is also associated with a reduction in pain [22] . The CO-CUIDATE program comprises bracing exercises; maybe with proposals that work the transversus abdominals more specifically, its thickness would have improved. Because the internal oblique is part of the local muscle system that contributes stability to the lumbopelvic area along with the transversus abdominis and the multifidus [29] , it plays an important role in this area. Values are expressed as mean 6 standard deviation for pre-and postintervention and six-month follow-up data and as mean differences (95% confidence interval for the difference) for within-and between-group change scores. *Significant group x time interaction (repeated analysis of covariance test, P < 0.05).
In contrast, some studies suggest that hypertrophy occurs after eight weeks of intensive physical exercise training [30, 31] , and early muscle changes could result from an increased central drive and neural adaptation [31, 32] . We demonstrated that muscle thickness improvements were not maintained at the six-month follow-up. The decreased effects could be explained by the reduction in the participants' physical activity after the program ended [33] , resulting in reduced muscle strength, muscle size, and neural drive to the muscle [34] . However, further study is needed to elucidate the changes this exercise approach promotes in deep muscles and to determine how it could be maintained over time.
One of this study's limitations is that although significant improvements were found in the internal oblique using ultrasound assessments, a longer physical exercise program may be necessary for changes in muscle thickness to be maintained in the follow-up period. Furthermore, ultrasound might not have sufficient sensitivity to identify small changes in thickness. Despite these limitations, this is the first trial to investigate the effect of a lumbopelvic stabilization exercise program on pain and the muscle architecture in CCS patients, highlighting the need for such an exercise program in this patient population.
In conclusion, this secondary analysis shows that in addition to offering physical improvements, the CO-CUIDATE program effectively improves musculoskeletal conditions in the lumbopelvic area of CCS patients, specifically in terms of pain and internal oblique thickness. It is important to identify safe physical exercise options for improving the health state of CCS patients and broadening the range of approaches for meeting their needs. Additional research is needed to understand the mechanisms through which lumbopelvic stabilization exercises improve both pain and the muscle structure.
Conclusions
A lumbopelvic exercise program is useful to improve musculoskeletal conditions in the lumbopelvic area of CCS patients, specifically in terms of pain and internal oblique thickness. CO-CUIDATE is a safe physical exercise option for improving health in CCS patients, allowing the adaption of the exercises to meet the patient's needs.
